Introduction
The metabolism of many drugs depends on adequate hepatic function. Drugs with a narrow therapeutic range (that is, with little difference between toxic and therapeutic doses) run the risk of accumulating and causing toxicity in patients with hepatic disease.
The liver receives a dual blood supply with about 20% of blood coming from the hepatic artery and 80% from the portal circulation. The blood flow to the liver is around 20-25% of the total cardiac output. Toxins, infectious agents, medications and serum inflammatory mediators may result in a diverse range of disease processes leading to loss of normal histological architecture, reduced cell mass and loss of blood flow.
Consequently, functional liver capacity may be lost.
Assessing hepatic function is necessary so that appropriate adjustment of drug dose can be made. However, this is not always straightforward as there is no single test that reliably measures liver function.
Drug metabolism in the liver
The liver is the principal organ of metabolism in the body although other sites are involved such as the gut wall, kidney, skin and lungs. Drug metabolism, by means of enzyme reactions in the liver, is the body's main method of deactivating drugs. Drug molecules are converted into more polar compounds, which aids their elimination. Generally, metabolism results in the loss of pharmacological activity because transport to the site of action is limited due to reduced lipid solubility, or because the molecule is no longer able to attach to its receptor site. However, in some circumstances drugs are metabolised to more active forms, for example the conversion of codeine to morphine, primidone to phenobarbitone and amitriptyline to nortriptyline.
Concentrations of enzymes involved in both phase I and II
reactions vary significantly between individuals with normal hepatic function and even more so between the healthy population and those with hepatic impairment.
Phase I reactions
Most drugs are lipophilic and therefore readily cross the cell membrane of the enterocyte. In the process of liver metabolism these substances are converted into more hydrophilic compounds. Hydrolysis, oxidation and reduction are the three types of phase I reactions that do this in the liver. These mainly involve a subset of mono-oxygenase enzymes called the cytochrome P450 system. The most common reaction is hydrolysis which involves the addition of a molecular oxygen atom to form a hydroxyl group, with the other oxygen atom being converted to water (for example, the conversion of aspirin to salicylic acid). Other types of phase I reactions include oxidation via soluble enzymes such as alcohol dehydrogenase, and reduction (for example nitrazepam).
Phase II reactions
These reactions involve conjugation which is the attachment of molecules naturally present in the body to a suitable link in the drug molecule. Most compounds will have undergone a phase I reaction (for example, addition of a hydroxyl group) before the conjugation step can occur. The main conjugation reaction involves glucuronidation (for example with morphine), but other conjugation mechanisms include acetylation (sulfonamides) or the addition of glycine (nicotinic acid) and sulfate (morphine).
Natural substances such as bilirubin and thyroxine may be metabolised by the same pathways. The resulting conjugate molecule is usually pharmacologically inactive and substantially less lipophilic than its precursor so it is more readily excreted in the bile or urine. In some circumstances the parent compound is a prodrug so the metabolite is active (for example, codeine is converted to morphine). A common cause of capacity limited hepatic metabolism is the amount of the conjugate available.
Paracetamol overdose is an example of this situation. With normal prescribed doses of paracetamol, the toxic metabolite (N-acetyl-p-benzoquinone imine or NAPQI) is efficiently detoxified by conjugation with glutathione as a phase II reaction.
However, when a large amount of NAPQI is generated, the total quantity of available glutathione may be consumed and the detoxifying process becomes overwhelmed. Phenytoin and warfarin are other drugs where capacity limited hepatic metabolism can occur.
Excretion
Following metabolism, compounds are then either excreted directly into the bile, or re-enter the systemic circulation and are excreted as polar metabolites or conjugates by the kidney.
If excreted in the bile (mainly glucuronidated drugs), the compound enters the biliary duct system and is secreted into the upper small intestine. Then throughout the ileum, these conjugated bile salts (some of which have drugs attached to them) are reabsorbed and transported back to the liver via the portal circulation. This is known as enterohepatic circulation.
Each bile salt is reused approximately 20 times and often repeatedly in the same digestive phase. The implications of this process are that compounds may reach high hepatic concentrations resulting in significant hepatotoxicity. Some drugs that undergo enterohepatic cycling to a significant extent include colchicine, phenytoin, leflunomide and tetracycline antibiotics.
Systemic drug availability
After drugs are absorbed from the gut, a proportion of the dose may be eliminated by the liver before reaching the systemic circulation. This pre-systemic or first pass elimination is determined by the hepatic clearance or extraction for the compound. Hepatic clearance depends on three factors: n extent of drug binding to blood components such as albumin n blood flow to active metabolic cells, which is dependent on the architecture in the liver n functional hepatocytes.
The hepatic extraction ratio of a drug will indicate if its elimination is dependent on blood flow and hepatocyte function (highly extracted) or hepatocyte function alone (poorly extracted). Some examples of high and low extraction drugs are listed in Table 1 .
Hepatic conditions
Chronic liver disease is more predictably associated with impaired metabolism of drugs than acute liver dysfunction.
However, in cases of severe acute liver failure, the capacity to metabolise the drug may be significantly impaired.
In the chronic state, cirrhosis of any aetiology, viral hepatitis and hepatoma can decrease drug metabolism. In moderate to severe liver dysfunction, rates of drug metabolism may be reduced by as much as 50%. The mechanism is thought to be due to spatial separation of blood from the hepatocyte by fibrosis along the hepatic sinusoids.
The Liver damage can also affect drugs with low hepatic clearance.
For instance, the effect of warfarin, which has a low extraction ratio, is increased due to the reduced production of vitamin Kdependent clotting factors.
The pharmacokinetic interaction between alcohol and drugs is more complex. An acute ingestion of alcohol may inhibit a drug's metabolism by competing with the drug for the same set of metabolising enzymes. Conversely, hepatic enzyme induction may occur with chronic excessive alcohol ingestion via CYP2E1 resulting in increased clearance of certain drugs (for example phenytoin, benzodiazepines). After these enzymes have been induced, they remain so in the absence of alcohol for several These parameters were modified to substitute degree of encephalopathy for nutritional status and then became known as the Child-Pugh classification (see Table 2 ). 1 Depending on hepatic clearance and the therapeutic index of the drug, dose adjustments or drug avoidance may be required in grades B or C chronic liver disease.
If hepatic elimination is limited (that is, accounting for less than 20% of total elimination), then the therapeutic range of the compound should be reviewed. If the drug has a wide therapeutic index, then the likelihood of an adverse effect related to hepatic impairment is low. However, if the drug has a narrow therapeutic index, then caution should be exercised as significant hepatic impairment may have a clinically relevant effect on the pharmacokinetics (e.g. lamotrigine).
If greater than 90% of the compound is excreted unchanged in the urine, then hepatic impairment is unlikely to play a significant role in the accumulation of the drug and therefore toxicity.
Conclusion
Prescribing in hepatic impairment is less well defined when compared to guidelines for prescribing in renal failure. Hepatic dysfunction is less overt and may not be apparent until much of the functioning liver is lost. Knowledge of the metabolism of drugs eliminated by the liver is useful along with close monitoring of the patient for unwanted adverse effects related to possible toxicity. When introducing long-term treatment with a drug with high hepatic clearance or a narrow therapeutic index, assess liver function (clinically and with baseline liver function tests). However, once the drug is commenced routine monitoring is costly and its role unclear in most cases of prescribing in patients with hepatic dysfunction.
